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Executive Summary 

The Lake Michigan-Muskegon Lake Connectivity workshops are a series of three workshops 

designed to develop a collaborative and coordinated long-term research program that links the 

watershed, Muskegon River, Muskegon Lake, and nearshore/offshore Lake Michigan 

(MUSkegon Interconnected eCosystem, MUSIC).  Emphasis is on an integrated and 

interdisciplinary approach that includes hydrodynamics and hydrology, chemistry, biology and 

ecology, and socioeconomics across the MUSIC.  The workshops are designed to bring together 

researchers, resource managers, and stakeholders to construct a framework with an overall goal 

to understand and predict the role of environmental stressors on ecosystem services, human 

health, and societal needs.  The end product will be an Implementation Plan to guide this effort. 

The first workshop, reported here, brought together governmental and academic researchers to 

inform one another about ongoing research, identify scientific needs, and begin the dialog for 

developing a long-term research program.  The second workshop will bring together resource 

managers and stakeholders toward the general goals of information exchange, identifying 

management and public needs, and engaging participants in the process.  The last workshop will 

provide a forum for discussion and for providing final comments.  Following these workshops, a 

writing team will be established to draft the Implementation Plan. 

This report summarizes the results of the first workshop, which was held on April 28-29, 2014 at 

the Annis Water Resources Institute Grand Valley State University (AWRI-GVSU) in 

Muskegon, MI.  The workshop was organized and convened by NOAA Great Lakes 

Environmental Research Laboratory (GLERL) and AWRI-GVSU.  Presentations of research 

were organized into 4 sessions: food web and fisheries; water quality and wetlands; hydrology, 

hydrodynamics, observing systems and remote sensing; and integrated assessment.  Open 

discussion followed each session.  There were also presentations on the NOAA Habitat Blueprint 

and the habitat restoration completed in Muskegon Lake. Muskegon Lake has recently been 

designated by NOAA as a Habitat Blueprint site.  Discussion notes are provided following each 

session in the agenda, found in this report.  All presentations are included in the appendix.  Some 

key points from the workshop were: 

 The generality of the MUSIC as a dynamic estuarine zone of intense productivity and 

biogeochemical cycling, lends itself as a test model for similar efforts in coastal zones 

elsewhere that are facing anthropogenic and climate change-driven stress. 

 There is a rich history of long-term monitoring and research within MUSIC. 

 Muskegon Lake is an Area of Concern (AOC) and represents a microcosm of Great 

Lakes restoration. 

 Examples of some of the knowledge gaps and needs included: development of a 

hydrodynamic model (biophysical model) for Muskegon Lake that is coupled with the 

river and Lake Michigan, impact of Muskegon Lake plume on Lake Michigan, high 

frequency and event response sampling, role of satellite remote sensing, need to expand 

work that occurs in Lake Michigan to Muskegon Lake. 

 Identified a strong need for clear and regular interactive communications with 

stakeholders and resource managers. 

 Challenges to develop and maintain a coherent, interdisciplinary and integrated program 

were identified and ideas were presented to overcome these challenges. 

 Need to develop a conceptual framework to guide the remaining workshops and the 

program, and to facilitate integration and communication amongst group members. 
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Lake Michigan - Muskegon Lake 
Connectivity Workshop I 

2014 
 

Dates:    April 28 (1 pm – 7 pm); April 29 (8:30 am – 12:00 pm) 

Meeting Place: Annis Water Resources Institute – Grand Valley State University (AWRI-

GVSU), Muskegon MI 

Co-Leads: NOAA Great Lakes Environmental Research Laboratory (GLERL) and 

AWRI-GVSU 

Other Participants: Other NOAA, University of Michigan, Michigan State University, Central 

Michigan University, Muskegon Lake Watershed Partnership, Western 

Michigan Shoreline Regional Development Commission 

Purpose: To develop a coordinated and collaborative research program that builds upon the 

efforts and strengths of AWRI in Muskegon Lake and GLERL in nearshore and 

offshore Lake Michigan, as well as those of others working on the watershed of the 

Muskegon River in order to understand the linkages between watersheds, drowned-

river mouth systems, and Lake Michigan. 

Goal: Link onshore, nearshore and offshore processes towards understanding and predicting 

the role of environmental stressors on ecosystem services, human health, and societal 

needs. 

Objective of Workshop I:  1) Inform participants of current research around Muskegon and 

capabilities, 2) identify scientific needs, 3) begin dialog for developing a long-term 

collaborative and coordinated program in Muskegon building on all our strengths, and 

4) begin planning next workshop focused on regional ecosystem restoration and 

management needs. 

 

Day 1. Monday Afternoon (Moderator:  Doran Mason) 

 

Welcome (1:00 – 1:30) 

 Welcome: Al Steinman (Host, AWRI-GVSU) and John Bratton (NOAA GLERL) 

 Habitat restoration in Muskegon Lake – Current and future.  Terry Heatlie (NOAA-

Fisheries).  Page 11 

 NOAA Habitat Blueprint – What is it and what does it mean for Muskegon Lake?  

Jennifer Day (NOAA) and Felix Martinez (NOAA GLERL).  Page 17 

 

Summary of Discussion:  All science is local.  What we learn here in Muskegon Lake can be 

applied elsewhere.  Muskegon Lake is a microcosm of Great Lakes restoration; hence, lessons 

learned here could be applied to other systems.   Applying research to restoration and making 

connections across disciplines is important.  How do we coordinate the different research, 

activities, programs and restoration work that are ongoing in the area?  2015 is the research 

year for Lake Michigan under the Coordinate Science and Monitoring Initiative (CSMI). 
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I. Food Web and Fisheries (1:30 to 3:30) 

 

See individual presentation slide decks for information about current research, future 

research questions and needs, and areas in need of collaboration. 

 

 Muskegon Lake - Fish. Carl Ruetz (AWRI-GVSU).  Page 22 

 Long-term research program with spatial and process studies.  Hank Vanderploeg 

(NOAA GLERL).  Page 32 

 Lake Michigan Long-term observations.  Steve Pothoven (NOAA GLERL).  Page 38 

 Fish early life history and recruitment. Ed Rutherford (NOAA GLERL).  Page 40 

 Microbial food web.  Hunter Carrick (Central Michigan University).  Page 45 

 Bacterial communities and food webs.  Vincent Denef (University of Michigan).  

Page 50 

 Lake Michigan – Diporeia.  Kevin Strychar (AWRI-GVSU).  Page 53 

 Great Lakes food web modeling.  Doran Mason (NOAA GLERL).  Page 57 

 Stoichiometry and food web modeling.  Jim McNair (AWRI-GVSU).  Page 62 

 Persistent, bioaccumulative and toxic substances.  Rick Rediske (AWRI-GVSU).  

Page 75 

 

Discussion Period I (Food Webs) 

 

Summary of Discussion: Several presentations outlined the portfolio of work currently being 

done in the Muskegon Lake and Lake Michigan nearshore area.  Also highlighted was the long-

term information available in GLERL databases that can be used and that can inform current 

and future work. The connection between the research being done in Muskegon Lake and up into 

the watershed highlighted the importance of the interconnection between the watershed, river, 

Muskegon Lake, and nearshore/offshore Lake Michigan for successful habitat restoration.  

Features of these large habitats interact physically, chemically, and biologically such that one 

affects the others. Drowned river mouths have huge wetland systems that transform inorganic 

nutrients into organic nutrients, but not sure how this also influences downstream nearshore lake 

areas. 

Group discussion focused on gaps in our knowledge, identified needs and how to identify 

connections among researchers.  An example that dominated the discussion involved the need for 

a Muskegon Lake hydrodynamic model that can be linked with nearshore Lake Michigan.  Can 

ecosystem forecasting be informed from this type of work? How transferable would this type of 

model be to other drowned river mouth systems along Michigan’s western shoreline and 

throughout the Great Lakes? For example, can we create linkages between what we are doing 

here and apply to the St. Louis River estuary? 

Another area of discussion involved the need for high frequency sampling during big flood and 

other episodic events.  How do these events affect both the nearshore and offshore of Lake 

Michigan?   
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II. Water Quality and wetlands (3:45 – 5:30) 

 

See individual presentation slide decks for information about current research, future 

research questions and needs, and areas in need of collaboration.  

 

 Water quality: Insights from times-series observations.  Bopi Biddanda (AWRI-

GVSU).  Page 80 

 Lake metabolism.  Jim McNair (AWRI-GVSU).  Page 88 

 Great Lakes HABs.  Tim Davis (NOAA GLERL).  Page 98 

 Decision support tools for HABs and hypoxia.  Steve Ruberg (NOAA GLERL).  

Page 103 

 Muskegon Lake HABs.  Rick Rediske (AWRI-GVSU).  Page 107 

 Fecal Indicator Bacteria and Beach Water Quality.  Eric Anderson (NOAA GLERL).  

Page 112 

 Muskegon Lake macrophytes.  Al Steinman (AWRI-GVSU).  Page 117 

 Eurasian water milfoil.  Ryan Thum (AWRI-GVSU).  Page 123 

 

Discussion Period II (Water quality/wetlands) 

 

Summary of Discussion:  A summary discussion was not held after this round of presentations.  

 

Social mixer at the end of the first day, Monday April 28 at AWRI (5:30 – 7:00) 

Dinner on your own 

 

Day 2. Tuesday Morning (8:00-8:30 bagels and coffee, Moderator:  Doran Mason) 

 

III. Hydrology, Hydrodynamics, Observing Systems and Remote Sensing (8:30 – 10:15) 

 

See individual presentation slide decks for information about current research, future 

research questions and needs, and areas in need of collaboration.  

 

 Hydrology of coastal wetlands.  Al Steinman (AWRI-GVSU).  Page 130 

 Great Lakes Forecasting System (GLCFS).  Eric Anderson (NOAA GLERL).  Page 

139 

 Ice-lake ecosystem modeling.  Jia Wang (NOAA GLERL).  Page 144 

 Great Lakes Regional Climate modeling.  Brent Lofgren (NOAA GLERL).  Page 150 

 Observing systems and instrumentation.  Steve Ruberg (NOAA GLERL).  Page 155 

 Satellite remote sensing.  George Leskevitch (NOAA GLERL).  Page 162 

 Muskegon Lake and coastal observing plans.  Scott Kendall (AWRI-GVSU).  Page 

168 

 

Discussion Period III (Hydrology and Observing Technologies) 

 

Summary of Discussion: It is a complicated system but combining the hydrodynamics and 

chemistry and other dynamics is the way we need to go. 
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Discussion once again also brought up the implications and transferability of the research to 

other areas in the Great Lakes.  

How can satellite data help us? What measurements can be pulled out from a satellite that can 

look at the interface between Muskegon Lake and the nearshore of Lake Michigan? 

Common themes emerged around the ideas of coupling the physiology and chemistry and the 

connectivity between Muskegon Lake and on and off shore of Lake Michigan. The work done 

here could be analogous to Chesapeake Bay.  We should keep in mind that this can be a model 

system for other work around the world. 

 

IV. Integrated Assessment (10:30 – 12:00) 

 

See individual presentation slide decks for information about current research, future 

research questions and needs, and areas in need of collaboration.  

 

 Forecasting the future of the Muskegon River Estuary.  Ed Rutherford (NOAA 

GLERL).  Page 176 

 Muskegon River:  Ecosystem assessment and database framework. Ed Rutherford.  

Page 181 

 Integrated assessment:  Lessons learned from Saginaw Bay.  Craig Stow (NOAA 

GLERL) 

 K-12 education and public outreach.  Janet Vail (AWRI-GVSU).  Page 186 

 AOC De-listing.  Rick Rediske (AWRI-GVSU).  Page 192 

 

  Discussion Period IV (All sessions) 

 

Summary of Discussion: Craig Stow provided best practices from Saginaw Bay.  The hardest 

part of an integrated assessment is the integration.  How do we integrate our work on Muskegon 

Lake?  How do we put the pieces together and have the parts add up to more than they are 

separately?  We need to develop overarching themes, such as nearshore and off shore 

integration.  We need a good conceptual model so that we can see how the pieces fit together.  

This conceptual model will help us integrate and to know where the different pieces connect.  

The conceptual model will serve as a guide to help us know where we are going. 

Communication is key and very difficult, and there is a need to overcome two fundamental 

challenges of communication:  communication amongst principal investigators (PIs) and 

communication with stakeholders.  Communication amongst PIs is clearly critical and is highly 

dependent on the individual personalities of the players and the ability of the leaders to maintain 

fruitful discussions.  For example, in the Saginaw Bay Multiple Stressors program there were 21 

PIs that communicated primarily through email.  Email communication proved challenging as 

most PIs would not respond.  Success or failure for “good” communication amongst PIs will 

make or break an integrated research program. 

Clear and regular interactive communication with stakeholders, from the very beginning and 

throughout the program, is also essential for success.  It is essential that we recognize 

stakeholders’ needs and ideas, and integrate them into the program.  In this respect, Muskegon 

has a tactical advantage - not only through a very effective PAC (Muskegon Lake Watershed 
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Partnership), but AWRI’s strong relationship with the community.  This gives the collaborative 

and integrated program an advantage right from the start.  We should work hard to maintain 

this communication. 

 

End of Workshop Observations and posed Questions: 

1. We need resources, which include financial investments from the labs, in-kind support 

(e.g., vessels), and personnel, and there is a need to synergistically leverage each other’s 

work and capabilities. 

2. How do we apply the science?  GLRI is about restoration, this has been a source of 

funding for Muskegon habitat restoration efforts.  How do we compete for these funds to 

build upon the restoration efforts?  We need to integrate the work we are doing and focus 

on the problem statements that need to be solved and decision support tools.  How do the 

models get us to the decision point? 

3. This can be the first step in the habitat blueprint process.  Making sure that we connect 

with improved management of the resource.  What are the social goals at end of the 

models and how do we work backward to figure out where the gaps are? 

4. How can the GLERL PIs work together on a single program?  How do we overcome our 

internal divisions? 

5. How can GLERL work more closely with AWRI? 

6. It makes sense to develop a joint program for the long term and learn from the work we 

have done on Saginaw Bay.  

7. The workshop helped to facilitate and learn about each other’s interests.  It was also 

acknowledged that getting together periodically is important for understanding who is 

working on what, what they are doing, and where the connections and gaps are.  

8. The next step will make or break this project. 

9. We need to develop a yearly planning cycle.  

10. We should have a summary/planning meeting on an annual basis to keep us moving 

forward. 

11. How does the plan for NOAA’s habitat blueprint continue to build the relationship with 

this project? 

12. We have seen workshops like this that launch with high energy, but then there is no 

follow through.  We need to continue this energy and build follow through into this 

process. 

 

Next Steps: 

1. We will form a small group to develop a conceptual model. 

2. We will have follow up workshops with managers and partners to recognize their needs 

into the conceptual model. 

3. We need a structure that can be flexible and continue to evolve. 

4. We will have a final workshop and bring in last comments. 

5. From all of this, we need to develop a strategic plan. 

6. We will be sharing the PowerPoint presentations and using them as the information we 

need to move forward. 

7. Al Steinman will be the point of content at AWRI and Doran Mason for NOAA GLERL. 
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8. If there are those who have not been to GLERL and would like a tour of the facility 

please let us know.  It was also suggested that GLERL and AWRI formalize an annual 

seminar exchange. 

 

Adjourn (12:00 noon) 
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Participant List 

April, 28-29, 2014 
 

 

Last 

Name 

First 

Name Affiliation 

1 Anderson Eric NOAA GLERL 

2 Baldridge Ashley University of Michigan/CILER 

3 Bawks Steve NOAA GLERL 

4 Biddanda Bopi AWRI-GVSU 

5 Bratton John NOAA GLERL 

6 Carrick Hunter Central Michigan University 

7 Davis Tim NOAA GLERL 

8 Day Jennifer NOAA 

9 Denef Vincent University of Michigan 

10 Evans Kathy Muskegon Lake Watershed Partnership 

   

Western Michigan Shoreline Regional Development 

Commission 

11 Hawley Nathan NOAA GLERL 

12 Heatlie Terry NOAA Fisheries 

13 Hu Haoguo University of Michigan/CILER 

14 Kendall Scott AWRI-GVSU 

15 Kirksey Dennis Muskegon Lake Watershed Partnership 

16 Koches John AWRI-GVSU 

17 Leshkevich George NOAA GLERL 

18 Lofgren Brent NOAA GLERL 

19 Loomis Mark GLNPO -USEPA 

20 Martinez Felix NOAA GLERL 

21 Mason Doran NOAA GLERL 

22 McNair James AWRI-GVSU 

23 Nordman Erik GVSU 

24 Pothoven Steve NOAA GLERL 

25 Rediske Rick AWRI-GVSU 

26 Ruberg Steve NOAA GLERL 

27 Ruetz Carl AWRI-GVSU 

28 Rutherford Ed NOAA GLERL 

29 Smart Robert GVSU 

30 Steinman Al AWRI-GVSU 

31 Stow Craig NOAA GLERL 

32 Strychar Kevin AWRI-GVSU 

33 Thum Ryan AWRI-GVSU 

34 Vail Janet AWRI-GVSU 

35 Wang Jia NOAA GLERL 
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